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Fig. 2 .  Simple lumped-parameter  model  for hydrophone,  cable, and os- 
cilloscope amplifier termination. 
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also  introduce  phase  shifts,  as  discussed in the  next  sec- 
tions. I E-8 -- ' 

B. Cable  Lumped-Parameter  Model 
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A crude yet  useful  model  of  hydrophone  and  coaxial Fr-qrmsy (MHz1 

where S is the  Laplace  transform  variable, C9 = C, + c,, 
and G, = G5 + G7. For typical  parameter  values  we  es- 
timate for  a  l-mm  PVDF  element: G1 = 1 X lo-, mho, 
C, = 5 X lo-', F.  Cable  lumped-parameter  values  are 
approximately L3 = 0.3 X lop6 H / m ,  C, = 110 X 
F/m,  G5 = 6 X lop6 mho/m,  for 5 0 4  coaxial cable 
[28] such  as  RG58.  For  the  termination, c6 = 20 X lo-', 
F and G7 = 1 X mho  are  representative values.  The 
denominator of (3) includes  two  complex  conjugate  poles 
S = -a  j b  where 1 b I >> I a I for the  parameter  values 
listed  previously. Effectively, lengths  of cable  on  the  or- 
der of 1  m add  sufficient  inductance  to create  resonant 
behavior.  For  example,  using  the  foregoing  values  and 
assuming  1.5 m of  cable,  the transfer  function  corre- 
sponds  to  a  high Q system  resonant  at  107  MHz.  For 
longer  cable  Iengths  or  higher  capacitance  probes  the  res- 
onant  frequency  shifts  downward  towards  77  MHz  for  a 
1.5-m  cable  with  a IO-pF hydrophone  element.  Transfer 
functions are  shown  in  Fig. 3 for  the  1.5-m  cable  with 5- 
and  10-pF  elements.  The  curves  show  the  nonuniform  gain 
and  also demonstrate  the sensitivity  of  the  resonance  fre- 
quency  to the  hydrophone  capacitance. 

If signals are restricted  to  the  low  MHz band, the  mag- 
nitude  and  phase of the transfer  function of the  model  cir- 
cuit are relatively flat or  can  be  calibrated,  enabling  ac- 
curate  waveform  reproduction.  However,  assuming  a 
wave  in  hard  shock,  the  higher  harmonics may be differ- 
entially  transmitted  and  phase  shifted  compared to  the 
fundamental  and  lower  harmonics.  In  addition,  the  higher 
harmonics  can  excite  resonance  behavior of the  circuit. 
As an  example,  Fig.  4(a)  shows  a  recorded  waveform  ob- 
tained in the  focused field of  continuous  3.4-MHz radia- of usiec -021 Td(der.13 0 Tdson.1137 0ht5o5 8327- )Tj0.0 1. Tw radmetgher eramic) ource)ig. 
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